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Abstract 


The molecular and morphological studies carried out within the scope of this study revealed that the scrapers, known as the Meso- 
potamian group, belong to a different genus. The Paracapoeta gen. nov., from the Mesopotomia and Levant, is distinguished from 
Capoeta and Luciobarbus species by the presence of a strong ligament between the base of the last simple and the first branched 
rays of the dorsal-fin (vs. no or a very weak ligament). The Paracapoeta further differs from Capoeta by the last simple dorsal-fin 
ray strongly ossified in adult specimens (more than 75%, vs. less than 75%). The Paracapoeta further differs from Luciobarbus by 
the lower lip with horny layer (vs. fleshy lips). The molecular phylogeny based on the combined dataset (COI + Cytb, 1312 bp.) 
showed that the genus Paracapoeta was recovered from the other groups in the subfamily Barbinae with high bootstrap and posterior 
probability values (BP: 94%, PP: 0.96). Also, Paracapoeta and Capoeta are well differentiated by an average genetic distance of 
8.02+40.78%. The morphological and molecular findings have largely overlapped each other. Besides, Capoeta turani is treated as a 


synonym of Capoeta erhani. 
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1. Introduction 


Cyprinid genus Capoeta Valenciennes, 1842 has a wide 
distribution in the Mediterranean, Middle East, Caucasus 
and South-West Asia. Even though the members of the 
genus occur in lakes and spring waters, they generally 
prefer fast-flowing streams (Kaya 2019). The genus has 
attracted the attention of various fish taxonomists and they 
have described a number of new species over the last fif- 
teen years (Turan et al. 2006a, 2006b; Ozulug and Freyhof 
2008; Alwan 2010; Zareian et al. 2016; Turan et al. 2017; 
Elp et al. 2018). In parallel with this, many genetic studies 
have been performed (Turan 2008; Zareian et al. 2016; 
Bektas et al. 2017; Bektas et al. 2019). The Mesopotamian 
Capoeta group, which is proposed as a new genus in this 
study, appears to be in a different branch from the Capoeta 
genus in many genetic studies (Levin et al. 2012; Berrebi 


et al. 2014; Ghanavi et al. 2016; Jouladeh-Roudbar et al. 
2017; Zareian et al. 2018; Bektas et al. 2017, 2019). 
Molecular phylogenies based on nuclear and mitochon- 
drial molecular markers unambiguously demonstrated that 
Capoeta is clustered together with the Western Palaearctic 
barbels of the genera Barbus Daudin, 1805 and Luciobar- 
bus Heckel, 1843 (Durand et al. 2002; Gante 2011; Levin 
et al. 2012; Buonerba et al. 2015; Yang et al. 2015). How- 
ever, hybridization-based polyploidy has likely played a 
major role in the evolution of the hexaploid genus Capo- 
eta (Yang et al. 2015; Levin et al. 2019), which emerged 
through intergeneric hybridization of Luciobarbus (2n 
= 100) and Cyprinion Heckel, 1843 (2n = 50) (Yang et 
al. 2015). In fact, the genus Capoeta (6n; Turan 2008), 
a monophyletic unit and well-defined genus, probably 
evolved from the ancestors of a tetraploid Luciobarbus as 
it is closely related to Luciobarbus mursa (Guldenstadt, 
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1773) and L. subquincunciatus (Gunther, 1868) (Levin et 
al. 2012; Berrebi et al. 2014; Yang et al. 2015). 

The mtDNA sequences of the protein-coding, cyto- 
chrome oxidase subunit I (COI) and cytochrome b (Cytb) 
genes, are powerful markers for deducing evolutionary 
relationships at the species, genera, family, and higher 
levels (Johns and Avise 1998; Miya et al. 2003; Hebert 
et al. 2004; Kartavtsev and Lee 2006; Kartavtsev 2009, 
2011; Kartavtsev et al. 2017). According to these mito- 
chondrial datasets, it was reported that Capoeta is nested 
within Luciobarbus (Durand et al. 2002; Tsigenopoulos et 
al. 2003; Gante 2011; Levin et al. 2012; Yang et al. 2015), 
and probably the Mesopotamian Capoeta group [Capoeta 
trutta (Heckel, 1843), C. erhani Turan, Kottelat & Ekme- 
kei, 2008, C. turani Ozulug & Freyhof, 2008, C. barroisi 
Lortet 1894, C. anamisensis Zareian, Esmaeili & Freyhof, 
2016, and C. mandica Bianco & Banarescu, 1982] was 
initially diverged from other Capoeta groups (Berrebi et 
al. 2014; Ghanavi et al. 2016; Bektas et al. 2017, 2019; 
Jouladeh-Roudbar et al. 2017; Zareian et al. 2018). 

In recent years, various ideas have been put forward 
among researchers about the validity of Mesopotamian 
group species. Erk’akan and Ozdemir (2011) compared C. 
turani (Seyhan) and C. erhani (Ceyhan) morphologically, 
based on data provided from literature and claimed that both 
are the synonyms of the C. barroisi. Later, Ozdemir (2013) 
developed this claim further and stated that C. turani (Sey- 
han), C. erhani (Ceyhan), C. barroisi (Orontes) and C. trutta 
(Persian Gulf basin) are conspecific and all belong to C. trut- 
ta. Recent studies supported the close relationship between 
C. turani and C. erhani; however, C. erhani, C. barroisi and 
C. trutta are molecularly well distinguished (Bektas et al. 
2017, 2019). Detailed morphological comparisons among 
these species confirmed these genetic results (Kaya 2019). 

Here (1) we discussed the validity of the Capoeta tura- 
ni and (11) proposed a new generic name, Paracapoeta, for 
the scrapers, formerly known as the Mesopotamian Capo- 
eta group based on morphological and molecular analysis. 


2. Materials and methods 


2.1. Sample collection 


See the list of materials examined in Turan et al. (2008), 
Elp et al. (2018), Kaya (2019), Kaya et al. (2020), 
Bay¢elebi (2020). 


2.2. Morphological analyses 


The care of experimental animals was consistent with the 
Republic of Turkey’s animal welfare laws, guidelines and 
policies approved by Recep Tayyip Erdogan University 
Local Ethics Committee for Animal Experiments (permit 
reference number 2014/77). 

Samples were collected by electro-shocker. After anaes- 
thesia, fish were fixed in 4% formaldehyde. Methods for 
counting followed Kottelat and Freyhof (2007). The later- 
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al line scales were counted from the first scale touching the 
shoulder girdle to the posterior-most scale at the end of the 
hypural complex. The last two branched rays articulating on 
a single pterygiophore in the dorsal and anal fins were count- 
ed as “14.” The simple dorsal- and anal-fin rays were not 
counted because the anteriormost rays are deeply embedded. 

For osteological preparation (last simple dorsal-fin 
ray), one specimen of each selected species of Paraca- 
opeta and Capoeta (Paracaopeta trutta [200 mm SL], P. 
erhani [190 mm SL] P. barroisi [190 mm SL], Capoeta 
damascina (Valenciennes, 1842) [205 mm SL] C. tinca 
(Heckel, 1843) [190 mm SL] and C. pestai (Pietschmann, 
1933) [195 mm SL]) were cleared and stained with aliz- 
arin red S, according to the protocol of Taylor and Van 
Dyke (1985). The specimens were examined using a ste- 
reo microscope (Nikon SMZ1500), and photos were tak- 
en using a digital machine with a glycerol bath. 


2.3. Molecular data analyses 


The COI (577 bp.) and Cytb (735 bp.) fragments of the 
seventy-one samples for Capoeta, (Cytb: Hashemza- 
deh Segherloo et al. unpublished; Alwan et al. 2016; Za- 
reian et al. 2016, 2018; Zareian and Esmaeili 2017; Bek- 
tas et al. 2017, 2019; COI: Levin et al. 2012; Ghanavi et 
al. 2016; Zareian et al. 2016, 2018; Zareian and Esmaeili 
2017), Luciobarbus (Cytb: Geiger et al. 2014; Yang et al. 
2015; Khaefi et al. 2017, 2018; Hashemzadeh Segherloo 
et al. unpublished, COI: Zardoya and Doadrio 1998; Tsig- 
enopoulos and Berrebi 2000; Doadrio et al. 2002, 2016; 
Tsigenopoulos et al. 2003; Mesquita et al. 2007; Levin et 
al. 2012; Buonerba et al. 2013; Yang et al. 2015; Brahimi 
et al. 2016, 2017; Touil et al. 2019; Benovics et al. 2020), 
Barbus (Cytb: Khaefi et al. 2017; Turan et al. 2018; Guclt 
et al. 2020, COI: Keskin unpublished; Zardoya and Doadrio 
1999; Meraner et al. 2013; Levin et al. 2019; Ozpicak and 
Polat 2019), Cyprinion (Cytb: Rahman et al. unpublished; 
Agha et al. unpublished, COI: Durand et al. 2002; Yang et 
al. 2015), Scaphiodonichthys (Cytb: Yang et al. 2013; Miya 
unpublished, COI: Yang et al. 2015) and Aulopyge species 
(Cytb: Geiger et al. 2014, COI: Ludo&ki et al. 2020), which 
are included in the subfamily Barbinae (GenBank accession 
number, Suppl. material 1: Table S1) were combined with 
the Clustal W method (Thompson et al. 1994) in the Bioedit 
7.2.5 (Hall 1999) as a dataset with a total length of 1312 bp. 

For genera Capoeta, Luciobarbus, Barbus, Cyprinion, 
Scaphiodonichthys Vinciguerra, 1890, Aulopyge Heckel, 
1841 and Paracapoeta gen. nov., the average intra- and 
intergeneric distances were computed by the General 
Reversible Time (GTR) model with gamma distributed 
invariant sites (G+I) in MEGA X (Kumar et al. 2018). 
The program jModeltest 0.1.1 (Posada 2008) was used to 
obtain the best evolutionary model (GTR + I + G for AIC 
and TrN + 1 + G for BIC) for combined dataset (Cytb+- 
COI). Bayesian inferences (BI) was conducted using Mr- 
Bayes v3.2.1 program (Ronquist et al. 2012). Maximum 
likelihood (ML) algorithm was carried out with GARLI 
2.0 (Zwickl 2006) program. For ML, Bootstrap analyses 
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were conducted with 300 pseudo-bootstrap replicates. 
Bayesian posterior probability support for each node 
was calculated with MrBayes v3.2.1 using 4 <10° Mar- 
kov Chain Monte Carlo (MCMC) steps and the first 2500 
trees (10000 generation) were discarded as burn in. 


2.4. Abbreviations used 


FFR Recep Tayyip Erdogan University Zoology 
Museum of the Faculty of Fisheries, Rize; 


SL standard length; BI, Bayesian inference; 


ML maximum likelihood; 

mtDNA mitochondrial deoxyribonucleic acid; 
Cytb cytochrome b; 

COI cytochrome c oxidase subunit 1; 
AIC Akaike Information Criteria; 

BIC Bayesian Information Criteria; 

bp base pal; 

BP Bootstrap Percentage; 

PP Bayesian Posterior Probability. 

3. Results 


3.1. Capoeta turani Ozulug & Freyhof, 2008, a 
synonym of C. erhani 


In the original description, C. erhani (Ceyhan River) is 
distinguished from C. turani (Seyhan River) by having 
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numerous spots (vs. few) and a brown back, lateral head 
and body (vs. silvery). Besides, the spots in C. erhani are 
large and often fused into blotches giving the fish a mot- 
tled appearance in individuals smaller than 120 mm SL 
(vs. spots are always small and never fused into blotch- 
es in C. turani. Also, caudal peduncle and operculum of 
C. erhani are always densely spotted (vs. few isolated 
spots or no spots). 

Indeed, the silvery body color and the shape, form 
and number of the spots used in the original description 
were useful to distinguish both species. However, the 
fact is that Cakit (type locality) is a constantly turbid 
stream (confirmed by Jorg Freyhof, pers. comm., 2019) 
which has possibly caused these differences in body 
color and pattern. These changes have also been ob- 
served in other species (Capoeta damascina, Oxynoe- 
macheilus sarus, Garra turcica, Squalius adanaensis, 
Chondrostoma ceyhanensis, Salariopsis sp.) co-occur- 
ring with Capoeta turani. 

Besides, in the original description, C. turani is distin- 
guished from C. erhani by having more lateral line scales 
(64—70, vs. 69-78). However, our examination of lateral 
line scales of both species completely overlaps (63—70 
in stream Aksu, Ceyhan; 63—76 in stream Cakit, Seyhan; 
71-79 in stream Ucirge, Seyhan). 

On the other hand, recent molecular studies have stat- 
ed that there is no difference (0.35%) between these two 
species at species level (Bektas et al. 2017, 2019). In the 
light of this information, we treated C. turani as a syn- 
onym of C. erhani. 


Figure 1. Presence (a, b) and absence (¢, d) of strong ligament between the base of the last simple and the first branched rays of 
the dorsal-fin; a. Paracapoeta trutta, 227 mm SL, Euphrates River; b. P. erhani, 265 mm SL, Ceyhan River; Capoeta damascina, 
250 mm SL, Euphrates River; Luciobarbus pectoralis, 227 mm SL, Orontes River. 
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Key to Paracapoeta gen. nov., Capoeta and Luciobarbus genera 


il Lower lip with horny layer; no fleshy lipS...............cccceeeeee 
Lower lip without horny layer on; fleshy lipS.................00 


ite tS a Be tele tildes TARE TST gd Retell aha a Chae Se Luciobarbus 


2 The presence of a strong ligament between the base of the last simple and the first branched rays of the dor- 


se aerRr her FON BLE reer! (eRe BLT Paracapoeta gen. nov. 


- No, or very weak ligament between the base of the last simple and the first branched rays of the dorsal-fin..... Capoeta 


Figure 2. Melanophores on the free part of the flank scales: upper row from left, P trutta 146 mm SL; P. erhani, 201 mm SL; P. 
barroisi, 155 mm SL; middle row from left, C. capoeta; 198 mm SL; C. banarescui; 181 mm SL; C. damascina, 181 mm SL; lower 
row from left, Luciobarbus lydianus, 192 mm SL; L. barbulus, 155 mm SL; L. capito, 220 mm SL. 


3.2. Rediagnosis of Capoeta 


Capoeta Valenciennes, 1842 


Rediagnosis. The body fusiform and slightly compressed 
laterally. In adult individuals, the general body color is 
brownish, and without dark brown or blackish spots (ex- 
cept C. pestai). The head plain brownish, and no black 
spots on head and cheek. The mouth inferior, mouth trans- 
versely slit or horseshoe-shaped. Lips not developed and 
lower lip with keratinize edge. One or two pairs of bar- 
bel around the mouth. The last simple dorsal-fin slightly 
or moderately ossified (less than %75) and its posterior 
edge serrated (except C. antalyensis). No or very weak 
ligament between the base of the last simple and the first 
branched rays of the dorsal-fin. There are melanophore 
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rows on the posterior edge of the flank scales. There is no 
keel in predorsal area, in front of dorsal-fin. 

Type species. Cyprinus capoeta Guldenstadt, 1773 
[actual status of the type species 1s Capoeta capoeta 
(Guldenstadt, 1773)]. 

Included species. Capoeta aculeata, C. antalyensis, 
C. aydinensis, C. banarescui, C. bergamae, C. buhsei, C. 
caelestis, C. capoeta, C. coadi, C. damascina, C. ekmek- 
ciae, C. ferdowsii, C. fusca, C. gracilis, C. heratensis, C. 
kaput, C. macrolepis, C. oguzelii, C. pestai, C. pyragyi, 
C. razii, C. saadii, C. sevangi, C. shajariani, C. sieboldii, 
C. tinca, C. umbla. 

Distribution. Afghanistan, Armenia, Azerbaijan, Geor- 
gia, Iran, Iraq, Jordan, Syria, Pakistan, Kazakhstan, Pal- 
estine, Tajikistan, Turkey, Turkmenistan and Uzbekistan: 
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The genus Capoeta has a wide distribution in the Mediter- 
ranean, Middle East, Caucasus and South-West Asia. 


3.3. Paracapoeta, new genus 


Paracapoeta gen. nov. 


1 INZDLONLOI OAAN AA AWDNALA IIA 19D0WNN1NoO 
httnc:/ hank arao/CARBN6907_9DAIDN A AT_RT6A_90N7 A 120T)01 NDB 
Nttps://Z000aNK. OTE/T 6B60697-9A20-4AA/-BD64-207A 139D0 } 


Type species. Scaphiodon trutta Heckel 1843 [actual status 
of the type species is Paracapoeta trutta (Heckel, 1843)]. 
Diagnosis. The new genus Paracapoeta is distinguished 
from other genus of Capoeta and Luciobarbus by having 
a strong ligament between the base of the last simple and 
the first branched rays of the dorsal-fin (Fig. la, b) (vs. 
no or a very weak ligament in Capoeta and Luciobarbus 
(Fig. lc, d)). The new genus is further distinguished from 


Capoeta and Luciobarbus by the distribution of melano- 
phores on the flank scales (Fig. 2). In Paracapoeta, the 
posterior part of the scales is covered by more or less mela- 
nophores that are irregularly scattered. In Luciobarbus and 
Capoeta, there are melanophore rows on the posterior edge 
of the flank scales, and there are no or numerous irregularly 
scattered melanophores pigments behind the melanophore 
rows (Fig. 2). It further differs from the genus Capoeta 
by the last simple dorsal-fin ray strongly ossified in adult 
specimens (more than % 75, vs. less than % 75) (Fig. 3), a 
well-developed naked keel in front of dorsal-fin (except P. 
anamisensis, vs. absent in Capoeta) and the body with nu- 
merous irregular-shaped small black spots on the back and 
flank (except P. anamisensis, vs. absent in Capoeta, except 
C. pestai) (Figs 4, 5). It further differs from Luciobarbus 
by having the lower lip with horny layer (vs. with fleshy 
lips) and lips without papillae (vs. lips with papillae). 


Figure 3. The last simple dorsal fin rays of some Paracapoeta and Capoeta species: from left, P. trutta, 200 mm SL; P. barroisi, 
190 mm SL; P. erhani, 190 mm SL; C. damascina, 205 mm SL; C. tinca, 190 mm SL; C. pestai, 195 mm SL. 


Table 1. Nucleotide positions for some genera within the subfamily Barbinae. Diagnostic and distinctive nucleotide positions are 


represented in bold font and gray background, respectively. 


Diagnostic nucleotide positions 


Genera 

ho Wi 2 Se" 3° A AeA GS. Ge 

6.8 -O'w 8 O. Os4. 7 @B TP of esT ds 

0. Oi = 6 AS Sie BiG0 pa Sa Se Bo AD FS 
Paracapoeta C AZ C C THA Rie | T T 
Capoeta T Gi | 6UOA/G «GCC CR GG ee COC OC 
Luciobarbus T GA/C/T T A/G CAGTL TCCCTCC 
Barbus Tic Ge ie ZI weeclleeetZ a Gen a eA Ca Ge TT gle> 


Ooo FON 
qQOoeFoOr FO 


Lok be hb Pea ee 
SEG. Gita So FO: Tal On PA ee 
3 Oo Oe of oe See et Oe ee 
SP Seen A IO Oa aa eo, ea eens OO By Pe 
GGCCT T CH | iC T C T 
T TTTC G/A CT CH Tee COAG CC 
A TC CCGA GAT C/T C C/I CA C/A NMG C/T C/T 
AG TG CXC RG/A8 A ay. Oe Ee A 


C NMG C C/T 
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Figure 4. Lateral view of Paracapoeta erhani, a. Not preserved, about 155 mm SL, stream Aksu at Kuyumcular, Ceyhan drainage; 
b. FFR 1952, 201 mm SL, stream Aksu at Pazarcik, Ceyhan drainage; ¢. Not preserved, about 200 mm SL, stream Ucurge at Kara- 
isali, Seyhan drainage; d. FFR 1955, 130 mm SL, stream Cakit at Salbas (type locality of C. turani), Seyhan drainage. 
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Figure 5. Lateral view of some Paracapoeta species: From top, P. trutta, FFR 1873, 225 mm SL; P. barroisi, FFR 1725, 174 mm 
SL; P. erhani, FFR 1878, 150 mm SL. 


Additionally, based on the combined dataset, twenty-three 
diagnostic and eleven distinctive nucleotide positions for 
genera Paracapoeta and Capoeta are shown in bold font 
and on gray backgrounds respectively in Table 1. 

Included species. Paracapoeta anamisensis, P. bar- 
roisi, P. erhani, P. mandica, P. trutta. 

Distribution. Turkey, Iran, Iraq and Syria: Seyhan, 
Ceyhan and Orontes rivers, Levant drainages; Tigris, Eu- 
phrates, Mond and Minab River, Persian Gulf drainages. 

Etymology. The name of the new genus is formed 
by combining the words “Para” and “Capoeta’. “Para” 
means “beside” or “near”, and “Capoeta” is the available 
name of the closest genus of Paracapoeta, deriving from 
the local vernacular name “kapwaeti” used in Georgia 
and Azerbaijan. 


3.4. Results of molecular data analyses 


Phylogenetic analyses using BI and ML methods provid- 
ed similar topologies for the western Palearctic Barbinae 
genera, with high posterior probability (PP = 0.80-1.00) 
and high bootstrap (BP = 94-98%) values (Fig. 6). Barbus 
lineage is a sister lineage to Capoeta, Paracapoeta, and 
Luciobarbus \ineages within the subfamily Barbinae (BP 
= 80%, PP = 0.94). Luciobarbus \ineage is strongly sup- 
ported as paraphyletic (BP = 76%, PP = 0.84) with three 
sublineages (sublineage I: L. subquincunciatus, sublin- 
eage II: L. mursa and sublineage III: other species). The 
presence of two lineages; “Capoeta’, and “Mesopota- 
mian” as the previous different species group (BP = 94%, 
PP = 0.96) and its sister relationships to lineage III and 
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89/0.96 -- Capoeta um bla MH592464 - K Y065270 
8410.97) | Capoeta damascina MH592451 - KY065262 
85/0.92 Capoeta pyragyi MF621293 - MF62132 
Capoeta caelestis MH592447 - KY065261 


76/0.94 
1d0/1.0— Capoeta buhsei KM590411 - JF798283 
92/0.B7 Capoeta ferdowsii MF621297 - KM459663 
7210.91 Capoeta coadi KU564295 - KU56430 


95/1.0 Capoeta birunii MF621292 - MF621323 
Capoeta shajariani MF621301 - KU167947 
7410.82 Capoeta banarescui MH592441 - GQ423977 
7910.89 |100/1.0 [~ Capeeta antalyensis MH592434 - GQ424021 
Capoeta tinca MH592461 - GQ424006 


ae 9711.0 Capoeta baliki MH592439 - GQ424011 Lineage I: 
Capoeta pestai MH592457 - K Y065272 Capoeta 
8910.97 Capoeta bergamae MH592445 - KY065273 
1D0/1.0 Capoeta aydinensis MH592437 - KY06527 
Capoeta sieboldii MH592459 - KY065259 
Ln Capoeita capoeta MH592449 - K Y065278 


0.60 Capoeta sevangi MF664686 - JF 798302 
Capoeta ekmekciae MH592454 - GQ424025 
g0.947 Capoeta aculeata KM590406 - JF798265 
100/1.0 Capoeta macrolepis MF664720 - MF664744 
sa 10011.9L. Capoeta gracilis MF664699 - MF664729 
Capoeta razii MF664707 - MF664725 
Capoeta fusca MF664700 - KU312371 
100/0.99 Capoeta heratensis MF664712 - KU16789 
Paracapoeta erhani MH592455 - KY065282 


7210.93 
T00/1.0 Paracapoeta barroisi MH592443 - KY065284 Lineage II: 
7410.90 Paracapoeta trutta MH592463 - KY065286 Paracapoeta 
7510.92 Paracapoeta anamisensis KU312340 - KU312381 
100/1.0'— Paracapoeta mandica KU312366 - KM45964 


Sublineage | 
Luciobar bus subguincunciatus AF 145937 - ? 
Luciobarbus guiraonis KJ553717 - MN961182 
Luciobarbus microcephalus KJ554062 - AJ698688 
anit 97N0L_ fF yciobarbus graellsii KI553938 - JN049525 
Luciobarbus sclateri KJ553687 - AJ698690 
Luciobarbus setivimensis KJ554057 - MH042722 


78/0.91 


92/0.98 
65/0.89 Luciobarbus bocagei KJ553712 - MN96117 
90/0.96 Luciobarbus comizo KJ553752 - AF334042 


7110.90 96/0.99— Luciobarbus steindachneri KJ553791 - AF04596 
Luciobarbus albanicus KJ554077 - AF112126 
Luciobarbus graecus KJ554075 - AF 145941 


100/1.0 
100/1.0 Luciobarbus esocinus KM590441 - KP712264 
Sublineage II 82/0.95 Luciobarbus xanthopterus MF 599076 - AF145939 
TINGS Luciobarbus longiceps KJ553925 - AF 145942 F . 
80/0.87} 93/1.0 Luciobarbus pectoralis K1553955 - AF145933 Eero 
Luciobarbus brachycephalus KP712068 - KP712167 Luciobarbus 
7610.84)) 170.89 Luciobarbus capito KM590440 - KP712171 
8110.94 Luciobarbus moulouyensis KJ553952 - AF145925 
100)1.0 Luciobarbus biscarensis K.1554045 - MH042693 
98/0.98 Luciobarbus leptopogon KJ554037 - KY828003 
94/0.96 Luciobarbus callensis KJ553762 - KY828022 


Luciobarbus figuigensis KJ554042 - KU5S77514 
158 100/1.0 ! Luciobarbus pallaryt KJ553895 - MH042690 
Luciobarbus issiensis KJ553968 - AF 145928 
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Barbus petenyi MF 106155 - AF090788 
Barbus cyclolepis MK716237 - HQ167606 
Barbus cyri MF 106165 - MK 108287 Lineage IV: 
100/0.99 Barbus kubanicus MH407600 - MK.108273 Barbus 
82/0.90 Barbus barbus MH407647 - KC465926 
97/1.0— Barbus tauricus MK716238 - MH010350 
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Cyprinion semiplotum KJ957768 - KP712179 
99/0.97 Cyprinion macrostomum MW 250387 - AF 180826 
Scaphiodonichthys acanthopterus NC018789 - KP712151 


Scaphiodonichthys burmanicus NC 031605 - KP712188 
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—/63 
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94/1.0 
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Figure 6. Phylogenetic tree generated based on the mitochondrial combined dataset. ML and BI methods recovered similar topolo- 


gies, and therefore only the ML tree is presented here. The bootstrap percentage values (BP) > 50% from ML analysis and Bayesian 


posterior probabilities (PP) > 0.90 are shown on the nodes (BP/PP) 
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IV (Luciobarbus + Barbus) were revealed by the present 
study (Fig. 6). 

The K2P-based distance analyses found a maximum 
intrageneric distance was 7.1%, in Luciobarbus (Lineage 
IIT) while the minimum intrageneric distance was 1.1% 
in Paracapoeta gen. nov. (Lineage II) (Table 2). The 
average intergroup genetic distance ranged from 8.02% 
(Paracapoeta lineage — Capoeta lineage) to 10.92% 
(Capoeta lineage — Barbus lineage). The second lowest 
intergeneric genetic distance was 8.77% (between Para- 
capoeta — Luciobarbus). The genetic distances between 
Paracapoeta and other groups varied from 8.02% to 
10.66% (Table 2). 


Table 2. The mean genetic distances (in percentages) within and 
among Barbini lineages. 


Groups 1 2 3 4, 
1 Capoeta 4.5+0.3 
2 Paracapoeta 8.02+0.78 1.1+0.2 
3 Luciobarbus 8.70+0.65 8.77+0.60 7.1+0.5 


4 Barbus 10.92+0.92 10.66+0.77 10.7120.74 5.4+0.5 


Note: Values on the diagonal indicate the mean genetic distanc- 
es within clades. 


4. Discussion 


In an effort to re-evaluate the generic structure of the 
scrapers, Paracapoeta gen. nov., formerly known as the 
Mesopotamian Capoeta group, was assessed based on 
morphological and molecular data. 

In agreement with previous mitochondrial and nucle- 
ar markers-based phylogenies (Durand et al. 2002; Tsig- 
enopoulos et al. 2003; Gante 2011; Levin et al. 2012; 
Yang et al. 2015), Capoeta and Paracapoeta \ineages 
were recovered as a monophyletic group with its sister 
lineage, Luciobarbus (Fig. 6). Both Bayesian and likeli- 
hood inferences indicating the presence of the lineage II 
referred to as “Paracapoeta” (Paracapoeta trutta, P. er- 
hani, P. barroisi, P. anamisensis and P. mandica) in Fig. 
6, agree with the results of previous studies (Berrebi et al. 
2014; Ghanavi et al. 2016; Jouladeh-Roudbar et al. 2017; 
Bektas et al. 2017, 2019; Zareian et al. 2018) based on 
multilocus genetic datasets. Furthermore, the Paracapo- 
eta gen. nov. (Lineage II) was recovered as a sister lin- 
eage to Capoeta (Lineage I) and a monophyletic group 
with high nodal support (BP = 89%, PP = 0.97) (Fig. 6). 
According to studies using morphological characters, 
there are numerous apomorphic/morphological features, 
which could easily differentiate the Mesopotamian group 
(the new genus Paracapoeta) from the Capoeta genus 
(Fig. 6; Table 2). 

For a combined dataset of Cytb (735 bp) and COI 
(577 bp), the intergeneric genetic distances for Paraca- 
poeta and Capoeta lineages (mean 8.02+0.78%) repre- 
sent the lowest limit of the predicted intergeneric genetic 
distances estimated for especially the western Palearctic 
Barbinae genera, while it corresponds to the lower limits 
of intergeneric distance (8—10%; Ward et al. 2005; Hubert 
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et al. 2008; Nguyen et al. 2008; Lara et al. 2010; Perea et 
al. 2010; Schonhuth et al. 2012) for some closely related 
Cyprinid genera. On the other hand, Luciobarbus lineage 
exhibited the highest levels of intrageneric genetic diver- 
sity (7.1%, Table 2) for the combined dataset because of 
the presence of two distinct subclades. Since the newly 
uncovered lineage of Paracapoeta gen. nov. from genus 
Capoeta exhibited significant genetic distance in compar- 
ison with Capoeta species, the classification of the Mes- 
opotamian Capoeta group as a subgroup of Capoeta 1s 
unjustifiable; therefore reclassification as a genus 1s sug- 
gested in the present study. 

Consistent with previous studies (Levin et al. 2012; 
Doadrio et al. 2016; Simkova et al. 2017), our phyloge- 
netic trees revealed some inconsistencies in the current 
taxonomy of the tribe Barbini, such as the paraphyletic 
status of the genus Luciobarbus and L. subquincunciatus 
having a more recent common ancestor with Capoeta and 
Paracapoeta than the other Luciobarbus. 
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